species, especially long-distance migrants, which often show decreasing population trends, might also have problems in adjusting their distribution ranges to keep pace with global warming.
Introduction
Species distribution ranges are shaped by a combination of biotic and abiotic factors, such as climate and competition, and further modified by the species' ability to react to changes through plastic responses and adaptation (Newton 2003) . There is compelling evidence that species' ranges throughout the world are shifting polewards and towards higher altitudes, which has been the common predicted response to climate change (Hickling et al. 2006; Parmesan 2006; Chen et al. 2011) . However, most species ranges are moving more slowly than their suitable climate, i.e., more slowly than predicted by climate change alone (Devictor et al. 2008 (Devictor et al. , 2012 . In addition, there is large intra-and interspecific variation in the velocity of range shifts, whilst some of the species have not shifted their distributions at all (Brommer and Møller 2010; Angert et al. 2011) . In order to make coherent conservation decisions, we need to understand how different species' distributions are changing in response to global change and which key factors are contributing to the variation.
One current challenge is to recognize the actual changes in species distributions. The majority of research on this topic so far has relied on broad-scale studies with information about species' presence (such as atlases), and research on the movement of leading and trailing edge boundaries Abstract A multitude of studies confirm that species have changed their distribution ranges towards higher elevations and towards the poles, as has been predicted by climate change forecasts. However, there is large interspecific variation in the velocity of range shifts. From a conservation perspective, it is important to understand which factors explain variation in the speed and the extent of range shifts, as these might be related to the species' extinction risk. Here, we study shifts in the mean latitude of occurrence, as weighted by population density, in different groups of landbirds using 40 years of line transect data from Finland. Our results show that the velocity of such density shifts differed among migration strategies and increased with decreasing body size of species, while breeding habitat had no influence. The slower velocity of large species could be related to their longer generation time and lower per capita reproduction that can decrease the dispersal ability compared to smaller species. In contrast to some earlier studies of range margin shifts, resident birds and partial migrants showed faster range shifts, while fully migratory species were moving more slowly. The results suggest that migratory Communicated by Christopher Whelan.
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(range margin shifts). However, such studies have some drawbacks. While expansion at the leading edge is more easily observed, the retraction of the trailing edge of the species is less so (Thomas and Lennon 1999; Brommer and Møller 2010; Brommer et al. 2012) . This is because expanding species that are often common are much easier to observe than retracting and scarce species. Another problem is that range edges are generally difficult to define, given by some unknown combination of population density and observation effort. Often in this type of dataset, measures of observation effort are also lacking, and thus shifts in the edges of species ranges might be due to spatiotemporal changes in the effort (Kujala et al. 2013) .
Another viewpoint to changes in species' distributions is to study spatiotemporal patterns of change in population densities. Shifts in the population centers of gravity (hereafter density shifts) describe how the distribution of all individuals of a species are changing, and can be detected within a short time frame compared to range margin shifts. Density shifts are also fairly robust against variation in individual numbers at the range margin, as marginal populations only contribute to the mean of density. Based on standardized line transect count data, a recent analysis by Virkkala and Lehikoinen (2014) showed that the mean weighted latitude of density (MWLD) of landbird species in Finland moved northwards on average 1.26 km/year. The relative densities had shifted more slowly in southern species and more quickly in northern species, whereas the opposite was the case in a corresponding atlas study, in which the shift of the mean weighted latitude was analyzed (Brommer et al. 2012; Virkkala and Lehikoinen 2014) . The use of presence-absence data alone can bias our view of range shifts in the retracting northern species, but a comparison of both types of data, density and occurrence, gives us a better view on the actual movement of species.
A coherent view of the change in distribution patterns in different ecological groups can help us to understand how environmental change is influencing populations. In general, traits that improve dispersal ability and the ability to establish new populations predict faster range shifts (Angert et al. 2011) . Body size, wing size, ecological generalism and generation time are all traits that have been found to explain some of the variation in range margin shifts in different taxa (Perry et al. 2005; Rundle et al. 2007; Pöyry et al. 2009 ). For birds, feeding ecology and body size have been associated with the speed of range margin shifts in a study based on Finnish atlas data (Brommer 2008) . Likewise, both feeding and migration strategy were found to be significant predictors in a comparison of range margin shifts based on datasets from Finland and the UK (Brommer and Møller 2010) . While less studied, the availability and distribution of suitable habitats for species can also influence observed changes. Climate change can move thermal isoclines and thus enable species poleward shifts, but especially the habitats that are under strong anthropogenic impact can show different trends.
Here, our aim was to study whether different ecological traits: breeding habitat, migration strategy or body size can explain variation in the shifts of MWLD of 94 Finnish landbird species. The analyses are based on 40 years of line transect data from Finland. By using line transect data, we can directly estimate densities as the numbers of birds observed per unit effort (walked km). In this way, we effectively avoid the problems of variable and unknown observer effort, often involved in the use on presenceabsence data (Kujala et al. 2013 ). Thus, we also aim to compare the results with previous studies that have studied variation in range margin shifts of birds and explained them by ecological traits. Based on our knowledge, there are hardly any studies investigating the species-specific patterns of variation in distribution changes in relation to ecological traits using data where observation effort has been taken into account. Especially, studies using abundance data are completely lacking.
We used three different species traits in our analyses: migration, habitat preference and body size, all of which have been shown to affect either population dynamics or speed of distribution changes in northern European birds (Brommer 2008; Brommer and Møller 2010; Laaksonen and Lehikoinen 2013) . First, we expected that species preferring geographically restricted habitats would show weaker shifts in density compared to species whose habitats occur throughout the country. In Finland, farmland and urban areas are strongly concentrated in the southern part of the country (Ministry of Environment 2006), which can thus limit the ability of the species living in these environments to spread northwards compared to, e.g., forest species. Second, the Finnish avifauna includes species with migration strategies ranging from local residents to tropical long-distance migrants. Despite the negative trend of breeding numbers in long-distance migrants (Laaksonen and Lehikoinen 2013) , we hypothesize that true migrants (short-and long-distance) should shift their ranges the quickest. Migratory passerine species have lower natal philopatry, and, in general, dispersal distances are longer in migratory bird species compared to, e.g., residents (Weatherhead and Forbes 1994; Paradis et al. 1998) . Third, based on the findings of Brommer (2008) , we hypothesize that species with smaller body sizes display quicker shifts than larger species, as smaller species in general have shorter life cycles and higher reproductive ability, so-called r-selected species (Begon et al. 2006 ).
Materials and methods

Line transect data
The geographical shift in species abundance was measured by calculating the mean weighted latitude of densities (MWLD) using line transect data. The MWLDs used here are taken from Virkkala and Lehikoinen (2014) , in which the calculation is fully described. Here, we only give a brief overview of the methodology.
To calculate the species-specific MWLDs, the Finnish line transect data were first divided into decadal periods covering years 1970-1979, 1980-1989, 1990-1999, 2000-2009 and 2010-2012 . Second, Finland was divided geographically into 50-km latitudinal blocks, except for the most southern and northern blocks, which covered small geographical areas and were therefore combined with their neighboring blocks (2nd most southern and 2nd most northern blocks, respectively). The species-specific relative density estimates (hereafter densities) for each decade and each block were calculated using line transect census data from Finland (Järvinen et al. 1991) . We chose only species for which there were at least 20 observations from each decade.
Line transect surveys are a standardized method for estimating breeding bird densities in Finland. The data have been collected annually by volunteer observers and deposited in the Finnish Museum of Natural History (LUOMUS). Transects are usually 3-to 6-km-long routes, planned and drawn on maps prior to the first count. In the line transect, the observer walks along the line at a standardized speed (45-60 min/km) and counts all observed birds. The census unit is pairs of birds, not individuals; thus, a male and a female seen separately or together, or a parent with offspring, is transformed into one pair (see Järvinen et al. 1991) . Decade-wise distribution of line transect kilometers is presented in Online resource 1. Each transect is visited once a year in June, during the early morning dawn chorus Väisänen 1975, 1981; Järvinen et al. 1991; Lehikoinen 2013) . A line transect consists of two zones, of which the main belt ranges 25 m on both sides from the transect line, while all other observations are assigned to the supplementary belt. The main belt and supplementary belt observations together form the survey belt of the line transect. The methodology for line transect counts has been extensively described in Väisänen (1975, 1981) and Järvinen et al. (1991) .
For each species, block-specific decadal densities (D; pairs/km 2 ) were calculated using species-specific correction coefficients (K), combined with the number of survey belt observations (N) and the transect length in kilometers (L), as Species that are mainly observed in the main belt have large K, while those mainly observed outside the belt have small values. Detailed information on the calculation of K are presented in Järvinen and Väisänen (1975 , 1976 , 1983 and Järvinen (1976) .
The mean latitude of each block was calculated for each decade separately based on latitude coordinates of the line transects. Furthermore, the decadal mean latitude for each species (MWLD) was calculated as the weighted average latitude, with species-specific density estimates as the weights. The mean year of censuses during each decade was used to represent that particular decade.
Species traits
Species were divided into groups based on both their primary habitat use on their Finnish breeding grounds and their migration strategy. We used eight different habitat classes following Laaksonen and Lehikoinen (2013) originally modified from (Väisänen et al. 1998) : (1) forest (for species with no particular preference), (2) coniferous forest, (3) deciduous forest, (4) mires and fells (i.e., the high subarctic mountains of Finland; these two were combined as several species inhabits both areas), (5) eutrophic wetlands, (6) low shrublands, (7) agricultural land and (8) urban environments. The northern wheatear (Oenanthe oenanthe) could not be assigned to any particular habitat, and the common sandpiper (Actitis hypoleuca) had very specific habitat requirements, and were thus omitted from the analysis. Two classes, eutrophic wetlands and shrublands, contained only five species each. As shrublands are typically associated with eutrophic wetlands, we decided to pool them into one class.
Migration strategy consisted of four different categories according to species migration distance and migration behavior: (1) residents, (2) partial migrants, (3) short-distance migrants and (4) long-distance migrants. The classification followed Laaksonen and Lehikoinen (2013) , which is based on ring recoveries obtained from the ringing center at the Finnish Museum of Natural History (Saurola et al. 2013; Valkama et al. 2014) , Swedish ring recoveries atlases and general knowledge (Cramp et al. 1977 (Cramp et al. -1994 .
We used average body weight as the measure of general body size. Average body sizes were taken from Brommer (2008) , and whenever information was missing, data from Cramp et al. (1977 Cramp et al. ( -1994 were used. There were no problems with collinearity between the traits, used as predictor variables in further analysis (in all cases |r| < 0.31). In addition, we accounted for species' phylogeny in the models, as species sharing traits via common ancestry might show
more similar patterns of density shifts, and would hence not be statistically independent observations. Species were classified into genera and families based on the taxonomy of AERC TAC (http://www.aerc.eu/tac.html; Online resource 2). Species-specific information of the variables is given in Online resource 2.
Statistical models
For each species, we first calculated the shift in the MWLD by regressing the decadal latitudes against year (the slope then represents the shift northwards; in km/year). Species specific slopes with their standard errors are given in Online resource 2. The species-specific estimated northward shift was used as the response variable in linear mixed models, where the fixed effects predictor variables were migration strategy (categorical factor), habitat (categorical factor), and body weight (quantitative). Values for weights were log-transformed and centered to zero mean. Taxonomic groups-genus and/or family-were included as factors with random effects on the intercept, whenever applicable. These account for possible taxonomic correlations whenever present.
We used the Akaike information criterion (AIC; Burnham and Anderson 2002) for model selection, which we did in two steps. First, we investigated taxonomic correlation by fitting a model with all fixed effects predictors present, using four different combinations of random effect factors: (1) none, (2) genus, (3) family and (4) both genus and family. These models were fitted with restricted maximum likelihood (REML) as the objective function, and then compared using AIC (this strategy of analysis follows Zuur et al. 2009 ). Our results indicated that model (3) including family only had the lowest AIC score (Table 1) , and was therefore used in further analyses. Second, we compared 12 models including different combinations of the fixed effects predictors and their interaction with body size (all with family as a random effect). Model selection was again based on AIC, but as the number of fixed effects varied, we here fitted the models using maximum likelihood (ML) as the objective function. An overview of the model performances can be found in Table 1 . Finally, the best model was refitted using REML and the goodness of the fit of the model was estimated by calculating marginal and conditional R 2 values (Nakagawa and Schielzeth 2013). Obviously, using species-specific shifts in MWLD (regression slopes based on five data points) as the response variable, our analysis ignores variable estimation uncertainty associated with each species. To investigate the consistency of our results avoiding making 'statistics on statistics', we verified the results by again fitting to the best model a corresponding linear mixed model, but this time with the decadal MWLD as the response variable. Species were included as a categorical factor (fixed effect) to give each species their own intercept. Year was included as a quantitative variable with a fixed effect, both alone and in interaction with the ecological factors. Further, the slope of year was allowed to vary for all species as a random effect, nested within family. In this model, an interaction with year simply means we are investigating shifts in latitude (km/year) instead of the position, i.e., the model interpretation is equivalent to the previously described simpler model. In addition to the two-level hierarchical structure given here, the model assumes homoscedastic residuals (i.e., in the unexplained variation of decadal MWLDs is assumed to be the same in all species). In comparison, the simpler models were based on species-specific MWLD-shifts, each of which were estimated using separate regressions with unique residual variances. All statistical analyses were done using the R statistical framework (v.3.1.0). 
Results
Variation in the velocities of density shift among different landbird species was best explained by a model where both migration strategy (F 3,64 = 3.27, p = 0.03) and weight (F 1,64 = 5.73, p = 0.02), were present without interactions (Table 1) . The second best model, which contained only the effect of weight, showed a 3.24-unit difference in AIC compared to the best model (evidence ratio = 5.1) and can be considered to be clearly less plausible. We therefore concentrate on the best model. The strongest shift in MWLD was in partial migrants (2.34 ± 0.75 km/year) and residents (1.73 ± 0.65 km/year; Fig. 1a ; Table 2 ), and more modest in short-and long-distance migrants (0.45 ± 0.44 and 0.83 ± 0.45 km/year, respectively; Fig. 1a ; Table 2 ; see also Online resource 2 for species-specific values). The shift in MWLD for average-sized species (48 g) was 0.74 km/year. Heavier species moved northwards more slowly than smaller ones, such that ten times heavier bird species moved 0.99 ± 0.41 km/year more slowly (Fig. 1b) . The random effects factor "family" explained in total 29 % of the unexplained variation in the overall slope of range shifts. The fixed effects predictors explained 11.7 % of the variation and the total model (fixed and random effects combined) explained 42 % of the variation. For the best model, the results from the second analysis, in which the shift in the density was interpreted from the interaction with year and decadal MWLD, were almost identical to the simpler model (see Table 2a , b). This applies for both the estimated effects and their uncertainties (SEs). Hence, we do not further discuss the differences between these two approaches. 
Discussion
While a previous study by Virkkala and Lehikoinen (2014) showed that the density of landbird species in Finland has shifted northwards on average 1.26 km/year, our study confirms that the shifts vary between ecological groups of species. Both migration strategy and body weight influence the velocities of density shifts. The average speed of northward density shifts in different groups studied here varied from 0.45 to 2.34 km/year. Given that the most plausible reasons for density shifts are change in both climate and land use, our results suggest that especially migratory birds and larger species have reacted more slowly to these changes and can be more susceptible to adverse effects in the future. In many cases, shifts in local temperatures are happening more quickly than avian species are shifting their distributions. For instance, Devictor et al. (2008) reported a 273-km shift of temperature in France over a few decades, followed by a 91-km shift in the assemblage of avian species. Burrows et al. (2014) estimated an average shift in thermal isoclines of 27.4 km/decade, considerably more than the average poleward range edge shift reported for birds (7.6 ± 2.7 km/year; summarized in Pearce-Higgins and Green 2014). We did not compare the velocity of MWLD with the speed of movement of thermal clines in Finland, but only partial migrants were able to change their MWLD close to the mean reported speed of temperature change. Still, a slower speed of density shifts in some groups can also indicate that they have been able to adapt to changing conditions without shifting their position, or that the relevant conditions for the species of concern are not changing linearly with temperature. As migratory birds regularly cover wide areas on their annual migration, and also show larger natal dispersal distances compared to resident species (Paradis et al. 1998) , this mobility could be expected to translate into quicker breeding ground density shifts. Against our expectations, the most mobile groups, long-and short-distance migrants, showed the slowest MWLD velocities. Long-distance migrants are known to change life-history traits involved in migration at a slower pace than short-distance migrants. This is thought to be a result of environmental canalization (Pulido and Widmer 2005) . Smaller plasticity in migratory traits could also translate into smaller shifts in breeding ranges if a species has a smaller capacity to respond to environmental change. However, short-distance migrants are thought to be more plastic in their response to environmental change (Rainio et al. 2006 ), yet here they showed the slowest velocities in their MWLD. Thus, besides plasticity, there must be other mechanisms involved in the speed of range shifts.
Instead of looking for explanations for why migratory birds move more slowly, perhaps we need to consider why partial migrants and resident species formed the two quickest-moving groups. A common feature for both groups is that winter conditions, for instance temperature and food availability, influence their winter survival and reproduction (Robinson et al. 2007; Robb et al. 2008; Reif et al. 2010 , Hogstad 2015 . Since temperature increases have been shown to be more rapid with increasing latitude, especially due to changes in the winter temperature (IPCC 2014) , the resident populations also face larger temperature increases than migratory populations. Indeed, winter temperatures have increased rapidly in Finland (e.g., Lehikoinen et al. 2013) . Furthermore, supplementary winter feeding of birds by humans has substantially increased in Finland in recent decades (Väisänen 2008) , which has improved the food availability of wintering species. Warmer winters combined with increased food provisioning might allow resident species and non-migrating partial migrants to survive in higher latitudes throughout the winter, which shifts the center of gravity of the density northwards. A North American study showed that wintering ranges of birds are shifting northwards as a result of higher winter temperatures (La Sorte and Thompson 2007) . Large-scale climate-driven abundance shifts are also evident for waterbirds and wader species in Europe and North America (La Sorte and Thompson 2007; Maclean et al. 2008; Lehikoinen et al. 2013; Pavón-Jordán et al. 2015) . Resident species can dominate migratory ones when direct competition occurs, as migratory individuals cannot respond quickly enough to the changing spring phenology (Wittwer et al. 2015) . Regional differences in climate change together with increasing challenges along the migration routes, especially among long-distance migrants (Sanderson et al. 2006; Vickery et al. 2014; Thingstad et al. 2015) , could make migrants less capable of shifting their ranges as quickly as resident species. Chapman et al. (2011) noted that, while partial migration is a common phenomenon in the animal kingdom, we have poor knowledge of how global environmental change might influence the ecology and evolution of partial migrants. Our results show that partial migrants are shifting their densities northwards more quickly than fully migratory species. This implies that they might be able to react more quickly to changing environmental conditions, or might have a greater need to do so. Even though the contributions of genetic versus environmental factors in partial migrants behavior are not fully understood, the proportion of partial migrants is often dependent on both the availability of food and population density (Chapman et al. 2011) . Further, an evolutionary switch from partial migrant to resident species can occur very quickly, in a few generations (Pulido et al. 1996) . Partial migrants are thus hardwired to look for environmental cues and to react quickly to them, which might be partially involved in more rapid range shifts.
Our results show that the MWLD of residents and partial migrants moved more quickly than those of migratory species. Interestingly, Brommer and Møller (2010) found that migratory species, including partial migrants, showed the strongest range margin shifts when they analyzed the range margin shifts in different functional groups obtained from presence-absence data in Finland and the UK. The contrast between the results could be related to the fact that shifts in range margins can occur independently of shifts in mean latitude. However, an alternative explanation is the sensitivity of gridded presence-absence data based on occasional observations. Mobile migratory species can easily fly kilometers past their previous range limits, and when data on species presence are used, a handful of individuals can create a range shift. Nevertheless, when abundance is utilized instead of range margin shifts, the pattern may better reflect the situation of an average individual of the species. This highlights the difference in the nature of presence-absence data in comparison to density data, and also underlines that the data type analyzed is vital when drawing conclusions and making further generalizations concerning speciesspecific range shifts. Utilizing only presence-absence data can mask important differences (Virkkala and Lehikoinen 2014) and further produce unreliable results if observation effort has not been taken into account (Kujala et al. 2013) .
In line with our hypothesis, larger species showed lower velocities of density shifts than the smaller ones. Body size has also been found to explain range margin shifts in a previous analysis by Brommer (2008) , and to predict contractions and expansions in British birds (Bradshaw et al. 2014) . In general, body size often correlates with dispersal ability, life-history traits such as number of offspring and with the specialist-generalist axis (Angert et al. 2011) . Smaller species often have shorter generation times and larger reproductive outputs which might facilitate shifts in density. Also, larger body size allows greater climatic independence in species abundance which may also reflect the speed of range shifts (Howard et al. 2015) . In addition, populations of large-sized species have in recent decades recovered from substantial historical persecution or overharvesting (Deinet et al. 2013 ). Among our study species, for example, the raven (Corvus corax) population was almost extinct in southern Finland due to strong persecution in the middle of the twentieth century, and the population was concentrated in the northern part of the country where human densities are low. After improved protection status, the species density has shifted southwards (Väisänen et al. 1998; Valkama et al. 2011 ).
We did not find any significant differences in density shifts among species living in different habitats. Our hypothesis was that agricultural and urban habitats would show slower density shifts than the other groups, since these habitats are geographically limited. However, the reduced availability of some habitats did not translate into changes in MWLD. This could indicate that the factors which have a negative influence on population trends in those habitats are spatially unevenly distributed throughout the country. At least in agricultural landscapes, the largest changes since 1950s have occurred in southern Finland (Tiainen 2001; Piha 2007) . Therefore, the absence of variation in density shifts between different habitats are likely the result of southern populations having stronger negative trends than northern populations. From the other parallel studies in which ecological factors have been analyzed in relation to changes in range edges of northern bird species, habitat has had a weak but significant effect on observed range shifts in only a few cases (Brommer and Møller 2010; Angert et al. 2011) . Our analyses show that, at least in Finland, the impact of habitat on the velocity of density shifts is smaller than the effect of migration strategy and body size.
Our study implies that ecological traits correlate with the northward shift of species-specific densities. Smaller body size and resident or partially migratory behavior are connected to more rapid shifts. However, more empirical research is needed to be able to distinguish the actual mechanisms involved in species distribution shifts and to make predictions based on them. Our results are somewhat different from earlier studies, where the speed of range edge shifts has been related to different ecological factors. Partially, this difference can be due to the metrics used, as changes of range margin shifts can depend on different factors compared with density shifts, i.e., the latter better describes what happens to the distribution of all individuals. For instance, in North American passerines, two metrics were shown to give different results, the center of abundance had a greater explanatory power than range margin shifts, and also, when differences between ecological factors were analyzed, different traits showed significant results (Angert et al. 2011) . We encourage further studies in which density shifts are analyzed in addition to range margin shifts, as these two together can give us a more precise picture of the ongoing response to global change.
